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(57) A printing apparatus, a printing method, a com- 
puter program, and a computer system for decreasing 
ink consumption amount are provided. A printing appa- 
ratus comprises a print head being movable in a main 
scanning direction and printing medium feeding means 
for feeding a printing medium, and carries out printing 
on the printing medium by ejecting ink from the print 
head, wherein a skew of the printing medium is obtained 
by detecting, at a plurality of points, a leading edge that 
is fed first among the edges of the printing medium by 
the printing medium feeding means, and wherein a start- 
ing position, an ending position, or both of these for 
ejecting ink from the print head, which moves in the main 
scanning direction, is changed according to the skew 
that has been obtained. 
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Description 

Technical Field 

[0001] The present invention relates to printing appa- 
ratuses, printing methods, computer programs, and 
computer systems. 

Background Art 

[0002] Color inkjet printers, which are typical printing 
apparatuses, are already well known. The color inkjet 
printer has an inkjet type print head for discharging Ink 
from nozzles, and is structured to record images, letters, 
and the like by making ink droplets land onto print paper, 
which is an example of a printing medium. 
[0003] Further, the print head is supported on a car- 
riage which is an example of a movable moving member 
and which is provided with the print head in such a state 
that a nozzle surface in which the nozzles are formed 
opposes the print paper, and the print head moves (per- 
forms main scanning) in a width direction of the print pa- 
per along a guide member and ejects ink in synchronism 
with the main-scanning. 

[0004] Further, in recent years, color inkjet printers 
capable of performing so-called borderless printing in 
which printing is performed on the whole surface of print 
paper are gaining popularity for reasons such as that 
image output results that are the same as photographs 
can be achieved. With borderless printing, for example, 
it is possible to perform printing by ejecting ink at the 
four edges of the print paper with no margins. 
[0005] When performing borderless printing, since 
printing is performed on the entire surface of the print 
paper, it is important that there are no margin portions 
in the edge portions of the print paper that has been 
printed. In order to achieve the above, it is effective to 
use a method in which print data is prepared slightly 
larger than the print paper, that is, prepared with a cer- 
tain amount of margin compared to the size of the print 
paper, and printing is performed on the print paper 
based on this print data, taking into consideration situ- 
ations in which the print paper is supplied in a skewed 
(slanted) manner. 

[0006] With this method, however, there is a possibil- 
ity that printing will be conducted on a region other than 
the print paper, and there may arise a problem that ink 
is uselessly consumed. 

[0007] The present invention has been made in view 
of the above problems, and an object thereof is to pro- 
vide a printing apparatus, a printing method, a computer 
program, and a computer system, which decrease ink 
consumption amount. 

Disclosure of Invention 

[0008] A main invention is a printing apparatus that 
comprises a print head being movable in a main scan- 



ning direction and printing medium feeding means for 
feeding a printing medium, and that carries out printing 
on the printing medium by ejecting ink from the print 
head, wherein a skew of the printing medium is obtained 

5 by detecting, at a plurality of points, a leading edge that 
is fed first among the edges of the printing medium by 
the printing medium feeding means, and wherein a start- 
ing position, an ending position, or both of these for 
ejecting ink from the print head, which moves in the main 

w scanning direction, is changed according to the skew 
that has been obtained. 

[0009] Other features of the present invention will be 
made clear by the description of the present specifica- 
tion and the accompanying drawings. 

15 

Brief Description of Drawings 
[0010] 

20 Fig. 1 is a block diagram showing a structure of a 
printing system as an example of the present inven- 
tion. 

Fig. 2 is a schematic perspective view showing an 
example of main structures of a color inkjet printer 
25 20. 

Fig. 3 is a schematic diagram for illustrating an ex- 
ample of a reflective optical sensor 29. 
Fig. 4 is a diagram showing a structure of the pe- 
riphery of a carriage 28 of the inkjet printer. 
30 Fig. 5 is an explanatory diagram schematically 
showing a structure of a linear encoder 1 1 mounted 
on the carriage 28. 

Fig. 6 is a timing chart showing waveforms of two 
output signals of the linear encoder 11 when a CR 
35 motor is rotating forward and when it is rotating in 
reverse. 

Fig. 7 is a block diagram showing an example of an 
electric structure of the color inkjet printer 20. 
Fig. 8 is an explanatory diagram showing a nozzle 
40 arrangement on a lower surface of a print head 36. 
Fig. 9 is a diagram schematically showing a posi- 
tional relationship of the print head 36, the reflective 
optical sensor 29, and print paper P 
Fig. 1 0 is a flowchart for illustrating a first embodi- 
es ment. 

Fig. 11 is a diagram for illustrating an example of a 
method for obtaining the skew of the print paper P. 
Fig. 12 is an explanatory diagram of positions at 
which ink ejection is started and ended. 
so Fig. 13 is an explanatory diagram of positions at 
which ink ejection is started and ended. 

[001 1 ] The following is a legend of the numerals main- 
ly used in the drawings: 

55 

11 linear encoder 

1 2 linear encoder code plate 

13 rotary encoder 
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rotary encoder code plate 


20 


color inkjet printer 
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CRT 
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paper stacker 


24 


paper feed roller 


25 


pulley 


26 


platen 


28 


carriage 


29 


reflective optical sensor 


30 


carriage motor 


31 


paper feed motor 


32 


pull belt 


34 


guide rail 


36 


print head 


38 


light emitting section 


40 


light receiving section 


50 


buffer memory 


52 


image buffer 


54 


system controller 


56 


main memory 


58 


EEPROM 


61 


main-scan drive circuit 


62 


sub-scan drive circuit 


63 


head drive circuit 


65 


reflective optical sensor control circuit 


66 


electric signal measuring section 


90 


computer 


91 


video driver 


95 


application program 


96 


printer driver 


97 


resolution conversion module 


98 


color conversion module 


99 


halftone module 


100 


rasterizer 


101 


user interface display module 


102 


Ul printer interface module 



Best Mode for Carrying Out the Invention 

[0012] At least the following matters will be made 
clear by the description of the present specification and 
the attached drawings. 

[0013] A printing apparatus for carrying out printing 
on a printing medium comprises: a print head that is 
movable in a main scanning direction and that is for 
ejecting ink onto said printing medium; and printing me- 
dium feeding means for feeding said printing medium, 
wherein a skew of said printing medium is obtained by 
detecting, at a plurality of points, a leading edge that is 
fed first among the edges of said printing medium by 
said printing medium feeding means, and wherein a 
starting position, an ending position, or both of these for 
ejecting ink from said print head, which moves in the 
main scanning direction, is changed according to said 
skew that has been obtained. 

[0014] It is possible to decrease the amount of ink 
consumed by obtaining the skew of said printing medi- 
um by detecting, at a plurality of points, a leading edge 
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that is fed first among the edges of said printing medium 
by said printing medium feeding means, and changing 
the starting position . the ending position, or both of these 
for ejecting ink from said print head, which moves in the 
main scanning direction, according to said skew that has 
been obtained. 

[0015] Further, printing may be carried out on an en- 
tire surface of said printing medium. 
[0016] In case of borderless printing, since printing is 
performed on the end portions of the print paper, the ad- 
vantages brought about by the above-mentioned means 
become more significant. 

[0017] Further, the printing apparatus may comprise 
light-emitting means for emitting light, and a light-receiv- 
ing sensor for receiving said light that moves in the main 
scanning direction according to the movement of said 
light-emitting means in the main scanning direction, and 
said skew of said printing medium may be obtained by 
detecting, for a plurality of times by changing the posi- 
tion of said light-emitting means, a change in an output 
value of said light-receiving sensor that occurs when 
said leading edge blocks the light emitted by said light- 
emitting means that has been positioned. 
[0018] In this way, it becomes possible to easily de- 
termine the position of the leading edge. 
[0019] Further, the change in said output value that 
occurs when said leading edge of said printing medium 
blocks said light may be detected at a first position and 
a second position that are in positions different from 
each other in the main scanning direction; and said skew 
of said printing medium may be obtained based on a 
distance in the main scanning direction from said first 
position to said second position, and a feed amount of 
said printing medium from when the change in said out- 
put value is detected at said first position until when the 
change in said output value is detected at said second 
position. 

[0020] In this way, the number of times for detecting 
the changes in the output value of the light-receiving 
sensor can be kept at a minimum, and the procedure 
can be simplified. 

[0021] Further, the change in said output value of said 
light-receiving sensor that occurs when said light emit- 
ted by said light-emitting means passes across an edge 
of said printing medium may be detected to determine 
the position of said edge by making said printing medi- 
um stand still and making said light-emitting means 
move in the main scanning direction; and the starting 
position , the ending position, or both of these for ejecting 
ink from said print head, which moves in the main scan- 
ning direction, may be changed according to said skew 
and the position of said edge. 

[0022] In this way, information for determining an ap- 
propriate starting position or an ending position for eject- 
ing ink from the print head, which moves in the main 
scanning direction, increases, and therefore, an appro- 
priate starting position or ending position can be pre- 
cisely determined. 
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[0023] Further, the change in said output value of said 
light-receiving sensor that occurs when said light emit- 
ted by said light-emitting means passes across the edge 
of said printing medium may be detected twice to deter- 
mine each position of two edges; and said starting po- 5 
sition, said ending position, or both of these may be 
changed according to said skew and the positions of 
said two edges. 

[0024] In this way, information for determining an ap- 
propriate starting position or an ending position for eject- 10 
ing ink from the print head, which moves in the main 
scanning direction, increases, and therefore, an appro- 
priate starting position or ending position can be deter- 
mined more precisely. 

[0025] Further, said light-emitting means and said '5 
light-receiving sensor may be provided on a moving 
member that is provided with said print head and that is 
movable in the main scanning direction. 
[0026] In this way, there is brought about an advan- 
tage that the moving mechanism for the moving mem- 20 
ber, the light-emitting means, and the light-receiving 
sensor can be shared. 

[0027] Further, after detecting the change in said out- 
put value of said light-receiving sensor that occurs when 
said light emitted by said light-emitting means passes 
across the edge of said printing medium by making said 
moving member move in the main scanning direction, 
the starting position, the ending position, or both of these 
for ejecting ink from said print head, which moves in the 
main scanning direction, for when said moving member 
is made to move again in the main scanning direction 
may be changed according to the detection. 
[0028] In this way, there is brought about an advan- 
tage that it is possible to avoid inconveniences such as 
having to start ink ejection in beforehand regardless of 
whether the above-mentioned detection has been made 
or not in respect to some of the nozzles of the print head. 
[0029] Further, a printing apparatus for carrying out 
printing on an entire surface of a printing medium com- 
prises: a print head that is movable in a main scanning 
direction and that is for ejecting ink onto said printing 
medium; and printing medium feeding means for feed- 
ing said printing medium; wherein said printing appara- 
tus comprises light-emitting means for emitting light, 
and a light-receiving sensor for receiving said light that 
moves in the main scanning direction according to the 
movement of said light-emitting means in the main scan- 
ning direction; wherein said light-emitting means and 
said light-receiving sensor are provided on a moving 
member that is provided with said print head and that is 
movable in the main scanning direction; wherein a 
change in an output value of said light-receiving sensor 
that occurs when a leading edge, which is fed first 
among the edges of said printing medium by said print- 
ing medium feeding means, blocks the light emitted by 
said light-emitting means that has been positioned is de- 
tected at a first position and a second position that are 
in positions different from each other in the main scan- 



ning direction; wherein a skew of said printing medium 
is obtained based on a distance in the main scanning 
direction from said first position to said second position, 
and a feed amount of said printing medium from when 
the change in said output value is detected at said first 
position until when the change in said output value is 
detected at said second position; wherein the change in 
said output value of said light-receiving sensor that oc- 
curs when said light emitted by said light-emitting means 
passes across an edge of said printing medium is de- 
tected twice to determine each position of two edges by 
making said printing medium stand still and making said 
moving member move in the main scanning direction; 
and wherein the starting position, the ending position, 
or both of these for ejecting ink from said print head, 
which moves in the main scanning direction, for when 
said moving member is made to move again in the main 
scanning direction is changed according to said skew 
and the positions of said two edges. 
[0030] In this way, since all of the effects described 
above are achieved, the object of the present invention 
can be most effectively achieved. 
[0031] Further, in a printing method conducted by a 
printing apparatus that comprises a print head being 
movable in a main scanning direction and printing me- 
dium feeding means for feeding a printing medium, and 
that carries out printing on said printing medium by eject- 
ing ink from said print head, said printing method com- 
prises: a step of obtaining a skew of said printing medi- 
um by detecting, at a plurality of points, a leading edge 
that is fed first among the edges of said printing medium 
by said printing medium feeding means; and a step of 
changing a starting position, an ending position, or both 
of these for ejecting ink from said print head, which 
moves in the main scanning direction, according to said 
skew that has been obtained. 

[0032] It is possible to decrease the amount of ink 
consumed by obtaining the skew of said printing medi- 
um by detecting, at a plurality of points, the leading edge 
that is fed first among the edges of said printing medium 
by said printing medium feeding means, and by chang- 
ing the starting position, the ending position, or both of 
these for ejecting ink from said print head, which moves 
in the main scanning direction, according to said skew 
that has been obtained. 

[0033] Further, it is possible to realize a computer pro- 
gram that can make a printing apparatus execute the 
above method which has an effect of being able to de- 
crease the consumption amount of ink. 
[0034] Further, a computer system comprises: a com- 
puter; a display device that is connectable to said com- 
puter; and a printing apparatus for carrying out printing 
on a printing medium, said printing apparatus being con- 
nectable to said computer and comprising: a print head 
that is movable in a main scanning direction and that is 
for ejecting ink onto said printing medium; and printing 
medium feeding means for feeding said printing medi- 
um, wherein a skew of said printing medium is obtained 
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by detecting, at a plurality of points, a leading edge that 
is fed first among the edges of said printing medium by 
said printing medium feeding means, and wherein a 
starting position an ending position, or both of these for 
ejecting ink from said print head, which moves in the 
main scanning direction, is changed according to said 
skew that has been obtained. 

[0035] A computer system realized in this way will be 
superior to conventional systems as a whole. 



=== Example of Overall Configuration of the Apparatus 

[0036] Fig. 1 is a block diagram showing the configu- 
ration of a printing system serving as an example of the 
present invention. The printing system is provided with 
a computer 90 and a color inkjet printer 20, which is an 
example of a printing apparatus. It should be noted that 
the printing system including the color inkjet printer 20 
and the computer 90 can also be broadly referred to as 
a "printing apparatus." Although not shown in the figure, 
a computer system is made of the computer 90, the color 
inkjet printer 20, a display device such as a CRT 21 or 
a liquid crystal display device, input devices such as a 
keyboard and a mouse, and a drive device such as a 
flexible drive device or a CD-ROM drive device. 
[0037] In the computer 90, an application program 95 
is executed under a predetermined operating system. 
The operating system includes a video driver 91 and a 
printer driver 96, and the application program 95 outputs 
print data PD to be transferred to the color inkjet printer 
20 through these drivers. The application program 95, 
which carries out retouching of images, for example, 
carries out a desired process with respect to an image 
to be processed, and also displays the image on the 
CRT 21 via the video driver 91 . 
[0038] When the application program 95 issues a print 
command, the printer driver 96 of the computer 90 re- 
ceives image data from the application program 95 and 
converts these into print data PD to be supplied to the 
color inkjet printer 20. The printer driver 96 is internally 
provided with a resolution conversion module 97, a color 
conversion module 98, a halftone module 99, a raster- 
izer 1 00, a user interface display module 1 01 , a Ul print- 
er interface module 1 02 ; and a color conversion look-up 
table LUT. 

[0039] The resolution conversion module 97 performs 
the function of converting the resolution of the color im- 
age data formed by the application program 95 to a print 
resolution. The rmage data whose resolution is th us con- 
verted is image information still made of the three color 
components RGB. The color conversion module 98 re- 
fers to the color conversion look-up table LUT and, for 
each pixel, converts the RGB image data into multi-gra- 
dation data of a plurality of ink colors that can be used 
by the color inkjet printer 20. 

[0040] The multi-gradation data that have been color 
converted have a gradation value of 256 levels, for ex- 



ample. The halftone module 99 executes so-called half- 
tone processing to generate halftone image data The 
halftone image data are rearranged by the rasterizer 
1 00 into the order in which they are to be transferred to 
5 the color inkjet printer 20, and are output as the final 
print data PD. The print data PD include raster data in- 
dicating the state in which dots are formed during each 
main scan movement, and data indicating the sub-scan- 
ning feed amount. 
™ [0041] The user interface display module 101 has a 
function for displaying various types of user interface 
windows related to printing and a function for receiving 
input from the user in these windows. 
[0042] The Ul printer interface module 1 02 has a func- 
tion as an interface between the user interface (Ul) and 
the color inkjet printer. It interprets instructions given by 
users through th e user interface and sends various com- 
mands COM to the color inkjet printer, and conversely, 
it also interprets commands COM received from the 
20 color inkjet printer and executes various displays with 
respect to the user interface. 

[0043] It should be noted that the printer driver 96 
achieves, for example : a function for sending and re- 
ceiving various types of commands COM and a function 
25 for supplying print data PD to the color inkjet printer 20. 
A program for realizing the functions of the printer driver 
96 is supplied in a format in which it is stored on a com- 
puter-readable storage medium. Various kinds of com- 
puter-readable media, such as flexible disks, 
30 CD-ROMs, magneto optical disks, IC cards, ROM car- 
tridges, punch cards, printed materials on which a code 
is printed such as a bar code, and internal storage de- 
vices (memory such as a RAM or a ROM) and external 
storage devices of the computer can be used. The com- 
35 puter program can also be downloaded onto the com- 
puter 90 via the Internet. 

[0044] Fig. 2 is a schematic perspective view showing 
an example of the main structures of the color inkjet 
printer 20. The color inkjet printer 20 is provided with a 
*o paper stacker 22, a paper feed roller 24 driven by a step 
motor that is not shown, a platen 26, a carriage 28 serv- 
ing as an example of a movable moving member that 
has a print head for forming dots, a carriage motor 30, 
a pull belt 32 that is driven by the carriage motor 30 and 
4 5 guide rails 34 for the carriage 28. A print head 36 pro- 
vided with numerous nozzles and a reflective optical 
sensor 29 that will be described in detail later are mount- 
ed onto the carriage 28. 

[0045] The print paper P is rolled out from the paper 
50 stacker 22 by the paper feed roller 24 and fed in a paper 
feed direction (hereinafter also referred to as the sub- 
scanning direction) over the surface of the platen 26. 
The carriage 28 is pulled by the pull belt 32. which is 
driven by the carriage motor 30, and moves in the main- 
55 scanning direction along the guide rails 34. It should be 
noted that as shown in the diagram, the main scanning 
direction refers to the two directions perpendicular to the 
sub-scanning direction. The paper feed roller 24 is also 



5 



9 



EP 1 449 662 A1 



10 



used to carry out the paper-supply operation for supply- 
ing the print paper P to the color inkjet printer 20 and 
the paper discharge operation for discharging the print 
paper P from the color inkjet printer 20. 

===== Example of Configuration of the Reflective Optical 
Sensor ===== 

[0046] Fig. 3 is a schematic diagram for describing an 
example of the reflective optical sensor 29. The reflec- 
tive optical sensor 29 is attached to the carriage 28, and 
has a light emitting section 38, which is for example 
made of a light emitting diode and is an example of light- 
emitting means, and a light receiving section 40, which 
is for example made of a phototransistor and is an ex- 
ample of a light-receiving sensor. The light that is emit- 
ted from the light emitting section 38, that is, the incident 
light, is reflected by print paper P or by the platen 26 if 
there is no print paper P in the direction of the emitted 
light. The light that is reflected is received by the light 
receiving section 40 and is converted into an electric sig- 
nal. Then, the magnitude of the electric signal is meas- 
ured as the output value of the light-receiving sensor 
corresponding to the intensity of the reflected light that 
is received. 

[0047] It should be noted that in the above description, 
as shown in the figure, the light emitting section 38 and 
the light receiving section 40 are provided as a single 
unit and together constitute a device called the reflective 
optical sensor 29. However, they may also constitute 
separate devices, such as a light emitting device and a 
light receiving device. 

[0048] Further, in the above description, the reflected 
light was converted into an electric signal and then the 
magnitude of that electric signal was measured in order 
to obtain the intensity of the reflected light that is re- 
ceived. However, this is not a limitation, and it is only 
necessary that the output value of the light-receiving 
sensor corresponding to the intensity of the received re- 
flected light can be measured. 

===== Example of Configuration of the Periphery of the 
Carriage ===== 

[0049] The configuration of the periphery of the car- 
riage is described next. Fig. 4 is a diagram showing the 
configuration of the periphery of the carriage 28 of the 
inkjet printer. 

[0050] The inkjet printer shown in Fig. 4 is provided 
with a paper feed motor (hereinafter referred to as a PF 
motor) 31 , which is for feeding paper and which is as an 
example of the printing medium feeding means, the car- 
riage 28 to which the print head 36 for ejecting ink onto 
the print paper P is fastened and which is driven in the 
main-scanning direction, the carriage motor (hereinafter 
referred to as a CR motor) 30 for driving the carriage 28, 
a linear encoder 11 that is fastened to the carriage 28, 
a linear encoder code plate 12 in which slits are formed 



at a predetermined spacing, a rotary encoder 1 3, which 
is not shown, for the PF motor 31 , the platen 26 for sup- 
porting the print paper R the paper feed roller 24 driven 
bythePFmotor31 for carrying the print paperP, apulley 

5 25 attached to the rotational shaft of the CR motor 30, 
and the pull belt 32 driven by the pulley 25. 
[0051] Next, the above-described linear encoder 11 
and the rotary encoder 13 are described. Fig. 5 is an 
explanatory diagram that schematically shows the con- 

10 figuration of the linear encoder 11 attached to the car- 
riage 28. 

[0052] The linear encoder 11 shown in Fig. 5 is pro- 
vided with a light emitting diode 1 1 a, a collimating lens 
11b, and a detection processing section 11c. The detec- 
ts tion processing section 11c has a plurality of (for exam- 
ple, four) photodiodes 11 d, a signal processing circuit 
1 1 e, and, for example, two comparators 1 1 fA and 1 1 fB. 
[0053] The light-emitting diode 11a emits light when 
a voltage VCC is applied to it via resistors on both sides. 
20 This light is condensed into parallel light by the collimat- 
ing lens 1 1 b and passes through the linearencodercode 
plate 12. The linear encoder code plate 12 is provided 
with slits at a predetermined spacing (for example, 
1/180 inch (one inch = 2.54 cm)). 
25 [0054] The parallel light that has passed through the 
linear encoder code plate 12 then passes through sta- 
tionary slits, which are not shown, and is incident on the 
photodiodes 11 d, where it is converted into electric sig- 
nals. The electric signals that are output from the four 
30 photodiodes 11 d are subjected to signal processing by 
the signal processing circuit 11e, the signals that are 
output from the signal processing circuit 11 e are com- 
pared in the comparators 11fA and 11fB, and the results 
of these comparisons are output as pulses. Then, the 
35 pulses ENC-A and ENC-Bthat are output from the com- 
parators 1 1 f A and 1 1 fB become the output of the linear 
encoder 11. 

[0055] Fig. 6 is a timing chart showing waveforms of 
two output signals of the linear encoder 11 when the CR 
40 motor is rotating forward and when it is rotating in re- 
verse. 

[0056] As shown in Fig. 6(a) and Fig. 6(b), the phases 
of the pulse ENC-A and the pulse ENC-B are misaligned 
by 90 degrees both when the CR motor is rotating for- 

45 ward and when it is rotating in reverse. When the CR 
motor 30 is rotating forward, that is, when the carriage 
28 is moving in the main-scanning direction, then, as 
shown in Fig. 6(a), the phase of the pulse ENC-A leads 
the phase of the pulse ENC-B by 90 degrees. On the 

50 other hand, when the CR motor 30 is rotating in reverse, 
then, as shown in Fig. 6(b), the phase of the pulse 
ENC-A is delayed by 90 degrees with respect to the 
phase of the pulse ENC-B. A single period T of the pulse 
ENC-A and the pulse ENC-B is equivalent to the time 

55 during which the carriage 28 is moved by the slit spacing 
of the linear encoder code plate 12. 
[0057] Then, the rising edge and the rising edge of the 
output pulses ENC-A and ENC-B of the linear encoder 
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11 are detected, and the number of detected edges is 
counted. The rotational position of the CR motor 30 is 
obtained based on the number that is calculated. With 
respect to the calculation, when the CR motor 30 is ro- 
tating forward, a is added every time an edge is 
detected, and when the CR motor 30 is rotating in re- 
verse, a is added every time an edge is detected 
Each period of the pulses ENC-A and ENC-B is equal 
to the time from when one slit of the linear encoder code 
plate 1 2 passes through the linear encoder 1 1 to when 
the next slit passes through the linear encoder 11 and 
the phases of the pulse ENC-A and the pulse ENC-B 
are misaligned by 90 degrees. Accordingly, a count val- 
ue "1" m the above-described calculation corresponds 
to 1/4 of the slit spacing of the linear encoder code plate 
12. Therefore, if the count value is multiplied by 1/4 of 
the slit spacing, then the amount that the CR motor 30 
has moved from the rotational position corresponding to 
the count value "0" can be obtained based on this prod- 
uct. The resolution of the linear encoder 1 1 at this time 
is 1 1 A the slit spacing of the linear encoder code plate 1 2 
[0058] On the other hand, the rotary encoder 13 for 
the PF motor31 has the same configuration as the linear 
encoder 11, except that the rotary encoder code plate 
14 is a rotation disk that rotates in conjunction with ro- 
tation of the PF motor 31 . The rotary encoder 1 3 outputs 
two output pulses ENC-A and ENC-B, and based on this 
output the amount of movement of the PF motor 31 can 
be obtained. 



sends control signals to the main-scan drive circuit 61 
the sub-scan drive circuit 62, and the head drive circuit 
63, for example. 

[0061] The image buffer 52 stores print data for a plu- 
rality of color components th at are received by the buffer 
memory 50. The head drive circuit 63 reads the print 
data of each color components from the image buffer 52 
m accordance with the control signals from the system 
controller 54, and drives the nozzle arrays for each color 
prov.ded in the print head 36 in correspondence with the 
print data. 

=== Example of Nozzle Arrangement of the Print 
Head=== 

15 



Example of Electric Configuration of the Color Inkjet 

Printer === 

[0059] Fig. 7 is a block diagram showing an example 
of the electric configuration of the color Inkjet printer 20 
The color inkjet printer 20 is provided with a buffer mem- 
ory 50 for receiving signals supplied from the computer 
90, an image buffer 52 for storing print data, a system 
controller 54 for controlling the overall operation of the 
color inkjet printer 20, a main memory 56. and an EEP- 
ROM 58. The system controller 54 is connected to a 
mam-scan drive circuit 61 for driving the carriage motor 
30, a sub-scan drive circuit 62 for driving the paper feed 
motor 3 1 , a head drive circuit 63 for driving the print h ead 
36, a reflective optical sensor control circuit 65 for con- 
trolling the light emitting section 38 and the light receiv- 
ing section 40 of the reflective optical sensor 29 the 
above-described linear encoder 11, and the above-de- 
scnbed rotary encoder 13. Also, the reflective optical 
sensor control circuit 65 is provided with an electric sig- 
nal measuring section 66 for measuring the electric sig- 
nals that are converted from the reflected light received 
by the light receiving section 40. 
[0060] The print data that are transferred from the 
computer 90 are temporarily held in the buffer memory 
50. In the color inkjet printer 20, the system controller 
54 reads necessary information from the print data in 
the buffer memory 50, and based on this information 



[0062] Fig. 8 is an explanatory diagram showing the 
nozzle arrangement in a lower surface of the print head 
36. The print head 36 has a black nozzle array and a 
color nozzle array, each arranged in a straight line along 
the sub-scanning direction. In this specification a "noz- 
zle array" is referred to also as a "nozzle group" 
[0063] The black nozzle array (shown by white cir- 
cles) has 180 nozzles #1 to #180. These nozzles #1 to 
#1 80 are arranged at a predetermined nozzle pitch k-D 
» along the sub-scanning direction. Here. D is the dot pitch 
in the sub-scanning direction, and k is an integer The 
dot pitch D in the sub-scanning direction is equal to the 
pitch of main scanning lines (raster lines). Hereinbelow 
the integer k for indicating the nozzle pitch k-D is referred 
*> to simply as the "nozzle pitch k". The unit of the nozzle 
pitch k is in "dots", and this refers to the dot pitch in the 
sub-scanning direction. 
[0064] In the example of Fig. 8, the nozzle pitch k is 
four dots. However, the nozzle pitch k may be set to be 
35 any integer. 

[0065] The color nozzle array includes a yellow nozzle 
group Y (shown by white triangles), a magenta nozzle 
group M (shown by white squares), and a cyan nozzle 
group C (shown by white rhombuses). Note that in this 
" specification, the nozzle group for chromatic color ink is 
also referred to as "chromatic color nozzle group". Each 
chromatic color nozzle group has 60 nozzles #1 to #60 
Further, the nozzle pitch of the chromatic color nozzle 
group is the same as the nozzle pitch k of the black noz- 
zle array. The nozzle of the chromatic color nozzle group 
is arranged in the same sub-scanning position as the 
nozzles of the black nozzle array. 
[0066] At the time of printing, ink droplets are ejected 
from each nozzle while the print head 36 is moving with 
the carriage 28 at a constant speed in the main scanning 
direction. However, depending on the print mode not all 
nozzles are always used, and there is also a case where 
only some nozzles are used. 

55 === First Embodiment === 

[0067] Next, using Fig. 9 and Fig. 10, a first embodi- 
ment of the present invention is described. Fig. 9 is a 
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diagram schematically showing positional relationships 
of the print head 36 ; the reflective optical sensor 29, and 
the print paper P. Fig. 10 is a flowchart for explaining the 
first embodiment. 

[0068] First, the user instructs printing through the ap- 
plication program 95 and the like (step S2). When the 
application program 95 which has received this instruc- 
tion issues a print order, the printer driver 96 of the com- 
puter 90 receives image data from the application pro- 
gram 95, and converts this data into print data PD which 
includes raster data that indicates the state in which dots 
are to be formed in each main scanning and data that 
indicates a sub-scanning feed amount. Further, the 
printer driver 96 supplies the print data PD together with 
various commands COM to the color Inkjet printer 20. 
After the color inkjet printer 20 receives these data with 
the buffer memory 50, these data are sent to the image 
buffer 52 or the system controller 54. 
[0069] Further, the user may give instructions the user 
interface display module 101 about the size of the print 
paper P or that borderless printing is to be performed. 
The instruction by the user is received by the user inter- 
face display module 101 , and sent to the Ul printer in- 
terface module 1 02. The Ul printer interface module 1 02 
interprets the instructed order, and sends a command 
COM to the color inkjet printer 20. After the color inkjet 
printer 20 receives the command COM with the buffer 
memory 50, it sends the command to the system con- 
troller 54. 

[0070] The color inkjet printer 20, for example, drives 
the paper feed motor 31 by the sub-scan drive circuit 62 
based on an order sent to the system controller 54 to 
supply the print paper P (step S4). 
[0071] Next, the system controller 54 makes the main- 
scan drive circuit 61 drive the CR motor 30 to move the 
carriage 28 to a predetermined position (hereinbelow, 
also referred to as a first position), and the carriage is 
positioned there (step S6). Then, the amount of move- 
ment of the CR motor 30 from its reference position is 
obtained based on the output pulses of the linear en- 
coder 1 1 , and the amount of movement, that is, the first 
position of the carnage 28 is recorded (step S8). 
[0072] Further, the system controller 54 controls the 
reflective optical sensor 29 provided on the carriage 28, 
which has been placed in position, using the reflective 
optical sensor control circuit 65, and the light emitting 
section 38 of the reflective optical sensor 29 emits light 
towards the platen 26 (step S1 0). 
[0073] As shown in Fig. 9(a) and Fig. 9(b), as the print 
paper P is further fed by the paper feed motor 31 , the 
leading edge (hereinafter, also referred to as the top 
edge), which is first sent by the paper feed motor 31 
among the edges of the print paper P, then blocks the 
light emitted from the above light emitting section 38 
(step S1 2), as shown in Fig. 9(b). At this time, the target 
of the incident light emitted by the light emitting section 
38 changes from the platen 26 to the print paper P, and 
therefore, the intensity of the electric signal which is the 



output value of the light receiving section 40 of the re- 
flective optical sensor 29, which received the reflected 
light, changes. Then, the intensity of the electric signal 
is measured by the electric signal measuring section 66, 
5 and it is detected that the top edge of the print paper P 
has passed the light. 

[0074] Further, at this time, the system controller 54 
obtains the amount of movement of the PF motor 31 
from its reference position based on the output pulses 
10 of the rotary encoder 13, and stores the amount of 
movement, namely, the feed amount of the print paper 
P (step S14). 

[0075] Next, the system controller 54 makes the main- 
scan drive circuit 61 drive the CR motor 30 to move the 

15 carriage 28 from the first position to a predetermined po- 
sition (hereinbelow, also referred to as a temporary po- 
sition), and the carriage is positioned there (step S16). 
The predetermined position may be either on the upper 
stream side or the lower stream side in the main scan- 

20 ning direction with respect to the first position. In this 
embodiment, as shown in Fig. 9(b) and Fig. 9(c), the 
carriage 28 is moved toward the upper stream side and 
positioned there. 

[0076] Then, the system controller 54 controls the re- 

25 fiective optical sensor 29 with the reflective optical sen- 
sor control circuit 65, and receives the reflected light of 
the light emitted from the light emitting section 38 with 
the light receiving section 40, and measures the inten- 
sity of the electric signal, which is the output value, with 

30 the electric signal measuring section 66. Further the 
system controller 54 compares the measured value with 
a predetermined threshold, and determines whether the 
target of the incident light is the print paper P or not (step 
S18). That is, the intensity of the reflected light differs 

35 for the case in which the target of the incident light is the 
print paper P and for the case in which it is not (namely, 
when the target is the platen 26) due to, for example, 
difference in color of the paper and the platen. There- 
fore, it becomes possible to determine whether or not 

40 the target of the incident light is the print paper P by com- 
paring the output value of the light receiving sensor with 
the predetermined threshold, the output value corre- 
sponding to the intensity of the reflected light. 
[0077] Next, if it is determined that the target of the 

45 incident light is the print paper P as a result of this de- 
termination, then the system controller 54 makes the 
main-scan drive circuit 61 drive the CR motor 30 to move 
the carriage 28 from the temporary position to a prede- 
termined position (hereinbelow, also referred to as a 

so second position) located on the side opposite from the 
temporary position with respect to the first position, and 
the carriage is positioned there (step S20). On the con- 
trary, if it is determined that the target of the incident light 
is not the print paper P, then the system controller 54 
55 moves the carriage 28 from the temporary position to a 
predetermined position that is located on the same side 
as the temporary position with respect to the first posi- 
tion and that is also referred to as the second position, 
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and the carriage is positioned there (step S22). Then, 
based on the output pulses of the linear encoder 11, the 
amount of movement of the CR motor 30 from its refer- 
ence position is obtained, and the amount of movement, 
that is, the second position of the carriage 28 is recorded 
(step S24). 

[0078] Note that, when it is determined that the target 
of the incident light is not the print paper P, the temporary 
position may be regarded as the second position, with- 
out moving the carriage 28 from the temporary position 
to the second position. 

[0079] In this embodiment, since it is determined that 
the target of the incident light is the print paper P as 
shown in Fig. 9(c), the system controller 54 moves the 
carriage 28 from the temporary position to the predeter- 
mined position (hereinbelow, referred to also as the sec- 
ond position) located on the side opposite from the tem- 
porary position with respect to the first position, and the 
carriage is positioned there as shown in Fig. 9(c) and 
Fig. 9(d) (step S20). 

[0080] Further, as shown in Fig. 9(d) and Fig. 9(e), 
when the print paper P is further fed by the paper feed 
motor 31 , then, as shown in Fig. 9(e), the top edge of 
the print paper P blocks the light emitted from the light 
emitting section 38 (step S26). At this time, the target of 
the incident light emitted from the light emitting section 
38 changes from the platen 26 to the print paper P, and 
therefore, the intensity of the electric signal which is the 
output value of the light receiving section 40 of the re- 
flective optical sensor 29, which received the reflected 
light, changes. The intensity of this electric signal is 
measured by the electric signal measuring section 66, 
and it is detected that the top edge of the print paper P 
has passed the light. 

[0081] Further, at this time, the system controller 54 
obtains the amount of movement of the PF motor 31 
from its reference position based on the output pulses 
of the rotary encoder 13, and this amount of movement, 
namely, the feed amount of the print paper P is stored 
(step S28). 

[0082] Next, the system controller 54 obtains the 
skew of the print paper P based on the first position of 
the carriage 28 stored in step S8, the second position 
of the carriage 28 stored in step S24, the feed amount 
of the print paper P stored in step S14, and the feed 
amount of the print paper P stored in step S28. 
[0083] Using Fig. 11, a more detailed explanation is 
provided. Fig. 11 is a diagram for explaining an example 
of a method of obtaining the skew of the print paper P. 
[0084] The solid straight line shown in the figure which 
is inclined toward the upper right direction indicates the 
top edge of the print paper P. Further, the left end of the 
line shown in the figure indicates the right end of the 
upper edge of the print paper P (hereinbelow, also re- 
ferred to as the upper right edge), and the right end of 
the line indicates the left end of the upper edge of the 
print paper P. The reason why the right and left of the 
line and the right and left of the upper edge of the print 



paper P are reversed in position is because the paper 
feed direction is in the direction from the upper side to 
the lower side of the figure. 

[0085] Further, as shown in the figure, the first posi- 
5 tion, which is stored in step S8, for when the first position 
of the carriage 28 is at point A is assumed to be numer- 
ical value a. Similarly, the second position, which is 
stored in step S24, for when the second position of the 
carriage 28 is at point B is assumed to be numerical val- 
10 ue b. Note that, for convenience, both numerical values 
a and b are values that adopt the position, in the main 
scanning direction, of the upper right edge of the print 
paper P as a reference position: this, however, is not a 
limitation, and other positions may be adopted'. 
[0086] Further, as regards the paper feed direction, 
the difference p between the positions of point A and 
point B in the figure directly indicates the difference be- 
tween the feed amount of the print paper P stored in 
step S1 4 and the feed amount of the print paper P stored 
20 in step S28 : because the carriage moves only in the 
main scanning direction. Therefore, it becomes possible 
to obtain the difference p from the numerical values 
stored in step S14 and step S28. 
[0087] Next, the skew of the print paper P is obtained 
25 from numerical values a, b, and p. As shown in the draw- 
ings, the skew is indicated by, for example, angle 0 be- 
tween the main scanning direction and the line. As is 
clear from the figure, the following relationship holds 
true: 



30 



Angle e =tan-1(p/(b-a)) 



[0088] In this way, the skew of the print paper P can 
35 be obtained from the numerical values stored in steps 
S8 : S14, S24, and S28 (step S30). 
[0089] Next, as shown in Fig. 9(e) and Fig. 9(f), the 
system controller 54 makes the main-scan drive circuit 
61 drive the CR motor 30 to move the carriage 28. As 
^0 shown in Fig. 9(f), the edge of the print paper P will pass 
across the light emitted from the light emitting section 
38 (step S32). At this time, the target of the incident light 
emitted from the light emitting section 38 changes from 
the print paper P to the platen 26, and therefore, the 
*s intensity of the electric signal which is an output value 
of the light receiving section 40 of the reflective optical 
sensor 29, which received the reflected light, changes. 
Then, the intensity of the electric signal is measured by 
the electric signal measuring section 66, and it is detect- 
50 ed that the edge of the print paper P has passed the light. 
[0090] Then, the amount of movement of the CR mo- 
tor 30 from its reference position is obtained based on 
the output pulses of the linear encoder 11, and this 
amount of movement, namely, the position of the car- 
55 riage 28 (hereinbelow, referred to also as a third posi- 
tion) is stored (step S34). 

[0091] Next, as shown in Fig. 9(f) and Fig. 9(g), in or- 
der to conduct borderless printing on the print paper P, 
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the system controller 54 drives the CR motor 30 and fur- 
ther moves the carriage 28. 

[0092] Then, as shown in Fig. 9(g) and Fig. 9(h), the 
carnage 28 is moved in the main scanning direction and 
ink is ejected from the print head 36 to conduct border- 5 
less printing (step S38). 

[0093] Below, the positions at which ink ejection is 
started and ended are explained using Fig. 12. Fig. 12 
is an explanatory diagram of positions at which ink ejec- 
tion is started and ended. '0 
[0094] The positional relationship between the print 
head 36, the reflective optical sensor 29, and the print 
paper P in Fig. 12 corresponds to that in Fig. 9(h). Ink 
is ejected From the nozzles of the print head 36 while the 
print head 36 , which is shown in the left side of the figure, '5 
is moved in the main scanning direction to perform print- 
ing on the print paper P, and eventually, the print head 
36 reaches the position shown in the right side of the 
figure. Each of the six lines drawn on the print paper P 
shows the assembly of dots formed when ink is ejected 20 
from each of the nozzles of the print head 36. The ar- 
rangement of the nozzles is as already explained with 
reference to Fig. 8; for better understanding, however, 
an example in which the print head is structured by a 
one-array nozzle group and provided with only eight 25 
nozzles is shown in Fig. 12. 

[0095] The present embodiment explains a method 
for determining the positions at which ink ejection from 
a nozzle N shown in the figure, among the eight nozzles, 
is started and ended; the determination, however, may 30 
be made for the other nozzles in a similar way. 
[0096] First, the lower left portion of the print paper P 
shown in Fig. 12 is paid attention to. As shown in the 
figure, it is assumed that a distance, in the paper feed 
direction, between the reflective optical sensor 29 and 35 
the nozzle N is y 1 , the skew of the print paper P is angle 
8, and a distance, in the main scanning direction, be- 
tween the third position C and a point at the edge of the 
print paper P where the nozzle N of the print head 36, 
which moves in the main scanning direction, passes is 40 
x1 . In this case, the following relationship holds true: x1 
= y1 x tan 0. Since the distance y1 is known, the dis- 
tance x1 can be obtained by substituting the skew of the 
print paper P, which has been obtained in step S30 : for 
the angle 9. 45 
[0097] Similarly, the central lower portion of the print 
paper P shown in Fig. 12 is paid attention to. As shown 
in the figure, it is assumed that the distance, in the paper 
feed direction, between the reflective optical sensor 29 
and the nozzle N is y1 , the skew of the print paper P is 50 
angle G, and a distance, in the main scanning direction, 
between the second position B and a point at the edge 
of the print paper P where the nozzle N of the print head 
36, which moves in the main scanning direction, passes 
for the second time is x2. In this case, the following re- 55 
lationship holds true: x2 = y1/tan G. Since the distance 
y1 is known, the distance x2 can be obtained by substi- 
tuting the skew of the print paper P, which has been ob- 



tained in step S30, for angle B. 
[0098] In this way, the position at which ink ejection 
from the nozzle N is to be started can be determined 
based on the third position C in the main scanning di- 
rection stored in step S34 and the distance x1 , and also, 
the position at which ink ejection from the nozzle N is to 
be ended can be determined based on the second po- 
sition B in the main scanning direction stored in step S24 
and the distance x2 (step S36). 
[0099] That is, the system controller 54 controls the 
main-scan drive circuit 61 to move the CR motor 30 in 
the main scanning direction and also controls the head 
drive circuit 63 to drive the print head 36 in order so that 
ink ejection from the nozzle N is started at a point that 
is delayed in position from the third position C by the 
distance x1 and so that ink ejection from the nozzle N 
is ended at a point that precedes the second position B 
by the distance x2 (step S38). 

[01 00] Further, due to the movement in the main scan- 
ning direction of the carnage 28 from Fig. 9(g) through 
Fig. 9(h), the light emitted from the light emitting section 
38 of the reflective optical sensor 29 will pass across the 
edges of the print paper P. That is, this situation will oc- 
cur when the positional relationship between the print 
paper P and the reflective optical sensor 29 is in the re- 
lationship shown in Fig. 9(f) and Fig. 9(e). At this time, 
as described above, the intensity of the electric signal 
which is the output value of the light receiving section 
40 of the reflective optical sensor 29, which received the 
reflected light, changes. Then, the intensity of the elec- 
tric signal is measured by the electric signal measuring 
section 66, and it is detected that the edge of the print 
paper P has passed the light (step S38). 
[0101] Then, based on the output pulses of the linear 
encoder 11 , the amount of movement of the CR motor 
30 from its reference position is obtained, and this 
amount of movement, namely, the positions of the car- 
riage 28 (the position of the carriage 28 corresponding 
to Fig. 9(f) is also referred to as a fourth position, and a 
position of the carnage 28 corresponding to Fig. 9(e) is 
also referred to as a fifth position below) are stored (step 
S40). 

[0102] Next, as shown in Fig. 9(h) and Fig. 9(i), the 
system controller 54 drives the CR motor 30 to move 
the carriage 28, drives the paper feed motor 31 to feed 
the print paper P for a predetermined amount, and pre- 
pares for the next borderless printing (step S42). Note 
that, at this time, the system controller 54 obtains the 
amount of movement of the PF motor 31 from its refer- 
ence position based on the output pulses of the rotary 
encoder 13, and this amount of movement, namely, the 
feed amount of the print paper P is stored (step S44). 
[0103] Then, as shown in Fig. 9(i) and Fig. 9Q), the 
carriage 28 is moved in the main scanning direction and 
ink is ejected from the print head 36 to conduct border- 
less printing (step S48). 

[0104] Below, the positions at which ink ejection is 
started and ended are explained using Fig. 13. Fig. 13 
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is an explanatory diagram of positions at which ink ejec- 
tion is started and ended. 

[01 05] The positional relationship of the print head 36, 
the reflective optical sensor 29, and the print paper P in 
Fig. 13 corresponds to that of Fig. 9(j). Ink is ejected 
from the nozzles of the print head 36 while the print head 
36, which is shown in the left side of the figure, is moved 
in the main scanning direction to perform printing on the 
print paper P, and eventually, the print head 36 reaches 
the position shown in the right side of the figure. Each 
of the twelve lines drawn on the print paper P shows the 
assembly of dots formed by ejecting ink from each of 
the nozzles of the print head 36, Among these lines, the 
even-number lines counted from the top of the figure are 
lines that were formed in step S38, and the odd-number 
lines are lines that are formed during the present step. 
[0106] Further, in this figure, two reflective optical 
sensors 29 are shown; the lower reflective optical sen- 
sor 29 shown in dotted lines, however, is depicted only 
to show the relative position between the reflective op- 
tical sensor 29 and the print paper P before the print 
paper P is fed for a predetermined amount. Therefore, 
it is appreciated from the figure that the position, in the 
paper feed direction, of the lower reflective optical sen- 
sor 29 shown in dotted lines coincides with the positions, 
in the paper feed direction, of the fourth position D and 
the fifth position E, which have already been explained 
above. 

[0107] The arrangement of the nozzles is as already 
explained using Fig. 8; for better understanding, how- 
ever, an example in which the print head is structured 
by a one-array nozzle group and provided with only eight 
nozzles is shown in Fig. 13. 

[0108] The present embodiment explains a method 
for determining the positions at which ink ejection from 
the nozzle N shown in the figure, among the eight noz- 
zles, is started and ended; the determination, however, 
may be made for the other nozzles in a similar way. 
[01 09] First, the lower left portion of the print paper P 
shown in Fig. 13 is paid attention to. As shown in the 
figure, it is assumed that a distance, in the paper feed 
direction, between the lower reflective optical sensor 29 
shown in dotted lines and the nozzle N is y2, the skew 
of the print paper P is angle 6, and a distance, in the 
main scanning direction, between the fourth position D 
and a point at the edge of the print paper P where the 
nozzle N of the print head 36, which moves in the main 
scanning direction, passes is x3. In this case, the follow- 
ing relationship holds true: x3 = y2 x tan G. Since the 
distance y2 is equal to a value obtained by subtracting 
the predetermined paper feed amount of the print paper 
P, which has already been explained, from the above- 
mentioned distance y1 that is known, the distance x3 
can be obtained by substituting the skew of the print pa- 
per P, which has been obtained in step S30, for the angle 
6. It should be noted that the above-mentioned prede- 
termined paper feed amount can be obtained according 
to the difference between the numerical values stored 



in step S28 and step S44. 

[0110] Similarly, the central lower portion of the print 
paper P shown in Fig. 13 is paid attention to. As shown 
in the figure, it is assumed that the distance, in the paper 
5 feed direction, between the lower reflective optical sen- 
sor 29 shown in dotted lines and the nozzle N is y2, the 
skew of the print paper P is angle 0, and a distance, in 
the main scanning direction, between the fifth position 
E and a point at the edge of the print paper P where the 
10 nozzle N of the print head 36, which moves in the main 
scanning direction, passes for the second time is x4. In 
this case, the following relationship holds true: x4 = 
y2/tan e. Since the distance y2 is equal to the value ob- 
tained by subtracting the predetermined paper feed 
*5 amount of the print paper P, which has already been ex- 
plained, from the above-mentioned distance y1 that is 
known, the distance x4 can be obtained by substituting 
the skew of the print paper P, which has been obtained 
in step S30, for angle e. 
20 [0111] In this way, the position at which ink ejection 
from the nozzle N is to be started can be determined 
based on the fourth position D in the main scanning di- 
rection stored in step S40 and the distance x3, and also, 
the position at which ink ejection from the nozzle N is to 
25 be ended can be determined based on the fifth position 
E in the main scanning direction stored in step S40 and 
the distance x4 (step S46). 

[0112] That is, the system controller 54 controls the 
main-scan drive circuit 61 to move the CR motor 30 in 
30 the main scanning direction and also controls the head 
drive circuit 63 to drive the print head 36 in order so that 
ink ejection from the nozzle N is started at a point that 
is delayed in position from the fourth position D by the 
distance x3 and so that ink ejection from the nozzle N 
^5 is ended at a point that precedes the fifth position E by 
the distance x4 (step S48). 

[0113] Further, due to the movement in the main scan- 
ning direction of the carriage 28 from Fig. 9(j) through 
Fig. 9(j), the light emitted from the light emitting section 
40 38 of the reflective optical sensor 29 will pass across the 
edges of the print paper P. At this time, as described 
above, the intensity of the electric signal which is the 
output value of the light receiving section 40 of the re- 
flective optical sensor 29, which received the reflected 
4 5 light, changes. Then, the intensity of the electric signal 
is measured by the electric signal measuring section 66, 
and it is detected that the edge of the print paper P has 
passed the light (step S48). 

[0114] Then, based on the output pulses of the linear 
50 encoder 1 1 , the amount of movement of the CR motor 
30 from its reference position is obtained, and this 
amount of movement, namely, the positions of the car- 
riage 28 are stored (step S50). 
[0115] Next, the system controller 54 makes the CR 
55 motor 30 drive to move the carriage 28, makes the paper 
feed motor 31 drive to feed the print paper P for the pre- 
determined amount, and prepares for the next border- 
less printing. The following procedures are the same as 
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those already described. The positions at which ink 
ejection is started and ended are determined for each 
nozzle of the print head 36 based on the positions of the 
carriage 28 stored in step S50 and the above-mentioned 
predetermined amount, and borderless printing on the 5 
print paper P is conducted based on the determination. 
Then, by repeating these procedures, borderless print- 
ing is completed. 

[0116] Note that, a program for executing the above 
processes is stored in the EE PROM 58, and the pro- 10 
gram is executed by the system controller 54. 
[0117] As explained in the section of the Background 
Art, in the method in which print data is prepared slightly 
larger than the print paper, that is, prepared with a cer- 
tain amount of margin compared to the size of the print 15 
paper and printing is performed on the print paper based 
on this print data taking into consideration situations in 
which the print paper is supplied in a skewed (slanted) 
manner, there is a possibility that printing will be con- 
ducted on a region other than the print paper, and there 20 
may arise a problem that ink is uselessly consumed. 
[0118] In view of the above, it becomes possible to 
solve the above-mentioned problem by decreasing the 
ink consumption amount by detecting the top edge of 
the print paper P at a plurality of points to obtain the 25 
skew of the print paper P, and changing the starting po- 
sition or the ending position, or both positions, for eject- 
ing ink from the print head 36, which moves in the main 
scanning direction, according to the skew that has been 
obtained. 30 
[0119] Note that, in the description above, the 
amounts of movement of the PF motor 31 from its ref- 
erence position were obtained and these amounts of 
movement were stored as the feed amounts of the print 
paper P in step S1 4 and step S28, and the difference in 35 
the feed amounts was regarded as the amount of the 
print paper fed from when the change in the output value 
of the light receiving sensor was detected at the first po- 
sition until when the change in the output value of the 
light receiving sensor was detected at the second posi- *o 
tion. The feed amount of the print paper, however, may 
be obtained by using the position of the PF motor 31 in 
step S14 as the reference position for obtaining the 
amount of movement of the PF motor 21 in step S28. 
Further, the same may apply for the procedure de- 45 
scribed above for obtaining a predetermined paper feed 
amount from the difference between the numerical val- 
ues stored in step S28 and step S44, and for the proce- 
dure described above for obtaining the distance in the 
main scanning direction from the difference between the 50 
numerical values stored in step S8 and step S24. 
[01 20] Further, in the above, the first position , the tem- 
porary position, and the second position were regarded 
as the predetermined positions; the predetermined po- 
sitions, however, may be at any position. Further, when 55 
the first position and the second position are regarded 
as the predetermined positions, the procedures per- 
formed later on for storing the first position and the sec- 



ond position, that is, steps S8 and S24 may be omitted. 
[0121] Further, in step S38. ejection of ink from the 
nozzle N is started at a point that is delayed in position 
from the third position C by the distance x1 , and ejection 
of ink from the nozzle N is ended at a point that precedes 
the second position B by the distance x2. It is possible, 
however, to start ejection of ink from the nozzle N at a 
point that is delayed in position by a distance (x1-A1) 
which is smaller than the distance x1 , and to end ejec- 
tion of ink from the nozzle N at a point that is preceding 
in position by a distance (x2-A2) which is smaller than 
the distance x2 to provide a certain amount of margin. 
Further, in a similar manner, it is possible, in step S48, 
to start ejection of ink from the nozzle N at a point that 
is delayed in position by a distance (x3-A3) which is 
smaller than the distance x3, and to end ejection of ink 
from the nozzle N at a point that is preceding in position 
by a distance (x4-A4) which is smaller than the distance 
x4. 

=== Other Embodiments === 

[0122] A printing apparatus etc. according to the 
present invention was described above according to an 
embodiment thereof. The foregoing embodiment of the 
invention, however, is for the purpose of facilitating un- 
derstanding of the present invention and is not to be in- 
terpreted as limiting the present invention. The invention 
can of course be altered and improved without departing 
from the gist thereof and includes equivalents thereof. 
[0123] Further, print paper was described as an ex- 
ample of a printing medium, but a film, a cloth, a thin 
metal plate, and the like may be used as a printing me- 
dium. 

[0124] Further, it is possible to provide a computer 
system that has a computer body, a display device 
which is connectable to the computer body, and a printer 
according to the above described embodiment which is 
connectable to the computer body, and an input device 
such as a mouse or a keyboard, a flexible disk drive de- 
vice, and a CD-ROM drive device that are provided if 
necessary. A computer system configured in this way 
will be superior to conventional computer systems as a 
whole. 

[0125] The printer according to the above-described 
embodiment may have some of the functions or the 
mechanisms of each of the computer body, the display 
device, the input device, the flexible disk drive device, 
and the CD-ROM drive device. For example, the printer 
may have a structure comprising an image processing 
section for performing image processing, a display sec- 
tion for performing various displays, and a recording me- 
dia mounting section for mounting and dismounting a 
recording medium in which image data captured by a 
digital camera or the like are recorded. 
[0126] Note that, the above embodiment describes a 
color inkjet printer, but the present invention may also 
be applied to a monochrome inkjet printer. 
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[01 27] It should be noted that In the above-mentioned 
embodiment, printing was carried out on an entire sur- 
face of the print paper P, that is, so-called borderless 
printing was performed. This, however, is not a limita- 
tion, and the above-mentioned means has an advanta- 
geous effect forcases in which printing is not performed 
on the entire surface of the print paper P but performed 
on a large area. 

[0128] The advantages brought about by the above- 
mentioned means, however, become more significant 
for borderless printing because printing is carried out on 
the end portions of the print paper. 
[0129] Further, in the above-mentioned embodiment, 
the printing apparatus comprised a light emitting section 
38 for emitting light, and a light receiving section 40 for 
receiving the light that moves in the main scanning di- 
rection according to the movement of the light emitting 
section 38 in the main scanning direction, and the skew 
of the print paper P was obtained by detecting, for a plu- 
rality of times by changing the position of the light emit- 
ting section 38, a change in an output value of the light 
receiving section 40 that occurs when the top edge 
blocks the light emitted by the light emitting section 38 
that has been positioned. This, however, is not a limita- 
tion. 

[0130] The above-mentioned embodiment, however, 
is more preferable in terms that, in this way, it is possible 
to easily determine the position of the top edge. 
[0131] Further, in the above-mentioned embodiment, 
the change in the output value of the light receiving sec- 
tion 40 that occurs when the top edge of the print paper 
P blocks the light was detected at a first position and a 
second position that are in positions different from each 
other in the main scanning direction; and the skew of 
the print paper P was obtained based on a distance in 
the main scanning direction from the first position to the 
second position, and a feed amount of the printing me- 
dium from when the change in the output value was de- 
tected at the first position until when the change in the 
output value was detected at the second position. This, 
however, is not a limitation. 

[0132] The above-mentioned embodiment, however, 
is more preferable in terms that, in this way, the number 
of times for detecting the changes in the output value of 
the light receiving sensor can be kept at a minimum, and 
the procedure can be simplified. 
[0133] Further, in the above-mentioned embodiment, 
the change in the output value of the light receiving sec- 
tion 40 that occurs when the light emitted by the light 
emitting section 38 passes across an edge of the print 
paper P was detected to determine the position of the 
edge of the print paper P by making the print paper P 
stand still and making the light emitting section 38 move 
in the main scanning direction; and the starting position, 
the ending position, or both of these for ejecting ink from 
the print head 36, which moves in the main scanning 
direction, was changed according to the skew and the 
position of the edge. This, however, is not a limitation, 



and it is also possible, for example, to change the start- 
ing position, the ending position, or both of these for 
ejecting ink from the print head 36, which moves in the 
main scanning direction, according to the skew only. 
5 [0134] The above-mentioned embodiment, however 
is more preferable in terms that, in this way, information 
for determining an appropriate starting position or an 
ending position for ejecting ink from the print head 36 
which moves in the main scanning direction, increases ' 
10 and therefore, an appropriate starting position or ending 
position can be precisely determined. 
[0135] Further, in the above-mentioned embodiment, 
the change in the output value of the light receiving sec- 
tion 40 that occurs when the light emitted by the light 
is emitting section 38 passes across the edge of the print 
paper P was detected twice to determine each position 
of two edges; and the starting position, the ending po- 
sition, or both of these was changed according to the 
skew and the positions of the two edges. This, however 
20 is not a limitation, and it is also possible, for example! 
to change the starting position, the ending position, or 
both of these for ejecting ink from the print head 36, 
which moves in the main scanning direction, according 
to the skew and the position of only one edge of the 
25 above-mentioned two edges. 

[0136] The above-mentioned embodiment, however, 
is more preferable in terms that, in this way, information 
for determining an appropriate starting position or an 
ending position for ejecting ink from the print head 36, 
30 which moves in the main scanning direction, increases,' 
and therefore, an appropriate starting position or ending 
position can be determined precisely. 
[0137] Further, in the above-mentioned embodiment, 
the light emitting section 38 and the light receiving sec- 
35 tion 40 were provided on a carriage 28 that is provided 
with the print head 36 and that is movable in the main 
scanning direction. This, however, is not a limitation, and 
it is possible, for example, to adopt a structure in which 
the carriage 28, the light emitting section 38. and the 
^0 light receiving section 40 can move separately in the 
main scanning direction. 

[0138] The above-mentioned embodiment, however, 
is more preferable in terms that, in this way, the moving 
mechanism for the carriage 28, the light emitting section 
4 5 38, and the light receiving section 40 can be shared. 
[0139] Further, in the above-mentioned embodiment, 
after detecting the change in the output value of the light 
receiving section 40 that occurs when the light emitted 
by the light emitting section 38 passes across the edge 
50 of the print paper P by making the carriage 28 move in 
the main scanning direction (step S38), the starting po- 
sition, the ending position, or both of these for ejecting 
ink from the print head 36, which moves in the main 
scanning direction, for when the carriage 28 is made to 
55 move again in the main scanning direction was changed 
according to the above-mentioned detection (step S48) 
as described in step S38 through step S48. This, how- 
ever, is not a limitation, and it is also possible, for exam- 
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pie, to detect the change in the output value of the light 
receiving section 40 and to change the starting position, 
the ending position, or both of these for ejecting ink from 
the print head 36, which moves in the main scanning 
direction, according to the above-mentioned detection 
while the carriage 28 moves in the main scanning direc- 
tion once. 

[0140] In the latter method, however, there are situa- 
tions in which some of the nozzles of the print head 36 
have already passed across the edge of the print paper 
P when the change in the output value of the light re- 
ceiving section 40 is detected. Therefore, it would be 
necessary to take measures such as to start ink ejection 
from these nozzles in beforehand, regardless of wheth- 
er or not the detection has been made. On the other 
hand., the method according to the present embodiment 
is more preferable in terms that it does not involve such 
an inconvenience. 

[01 41] Further, in the above-mentioned embodiment, 
after detection of the change in the output value at the 
first position, the light emitting section 38 and the light 
receiving section 40 were moved from the first position 
either towards the upper stream side or the lower stream 
side in the main scanning direction, and when it was de- 
termined that the light is incident on the print paper P 
based on the output value of the light receiving section 
40 that has received the light emitted by the light emitting 
section 38, then the second position was set on the side 
opposite from the side where the determination was 
made with respect to the first position, whereas when it 
was determined that the light is not incident on the print 
paper P, then the second position was set on the same 
side as the side where the determination was made with 
respect to the first position. This, however, is not a lim- 
itation, and it is also possible, for example, to omit these 
procedures upon setting the second position. 
[01 42] If, however, the second position is set, without 
carrying out the above-mentioned procedures, on the 
side where the target of incidence would be on the print 
paper if the light were emitted, then it would be neces- 
sary to feed the print paper backwards in order for the 
top edge of the print paper to block the light at the sec- 
ond position. The present embodiment is therefore more 
preferable in terms that it is possible to avoid such an 
inconvenience. 

[0143] Further, in the above description, the change 
in the output value of the light receiving section 40 that 
occurs when the light emitted by the light emitting sec- 
tion 38 passes across an edge of the print paper P was 
detected to find the position of the above-mentioned 
edge by making the print paper P stand still and making 
the light emitting section 38 move in the main scanning 
direction; and the starting position, the ending position, 
or both of these for ejecting ink from the print head, 
which moves in the main scanning direction, was 
changed according to the skew that has been obtained 
and the position of the edge. The position of the above- 
mentioned edge, which is the information used for de- 



termining an appropriate starting position or ending po- 
sition, however, does not necessarily have to be the po- 
sition that was found right before the determination. 

5 Industrial Applicability 

[0144] With the present invention, it is possible to pro- 
vide a printing apparatus, a printing method, a computer 
program, and a computer system, which decrease ink 
10 consumption amount. 



Claims 

is 1. A printing apparatus for carrying out printing on a 
printing medium comprising: 

a print head that is movable in a main scanning 
direction and that is for ejecting ink onto said 
20 printing medium; and 

printing mediumfeeding means for feeding said 
printing medium, 

wherein a skew of said printing medium is ob- 
25 tained by detecting, at a plurality of points, a leading 
edge that is fed first among the edges of said print- 
ing medium by said printing medium feeding 
means, and 

wherein a starting position, an ending posi- 
30 tion, or both of these for ejecting ink from said print 
head, which moves in the main scanning direction, 
is changed according to said skew that has been 
obtained. 

35 2. A printing apparatus according to claim 1 , wherein: 

printing is carried out on an entire surface of 
said printing medium. 

40 3. A printing apparatus according to claim 1 compris- 
ing: 

light-emitting means for emitting light, and a 
light-receiving sensor for receiving said light 
45 that moves in the main scanning direction ac- 

cording to the movement of said light-emitting 
means in the main scanning direction, 

wherein said skew of said printing medium is 
so obtained by detecting, for a plurality of times by 
changing the position of said light-emitting means, 
a change in an output value of said light-receiving 
sensor that occurs when said leading edge blocks 
the light emitted by said light-emitting means that 
55 has been positioned. 

4. A printing apparatus according to claim 3, wherein: 



14 



27 



EP 1 449 662 A1 



28 



the change in said output value that occurs 
when said leading edge of said printing medium 
blocks said light is detected at a first position 
and a second position that are in positions dif- 
ferent from each other in the main scanning di- s 
rection; and 

said skew of said printing medium is obtained 
based on a distance in the main scanning di- 
rection from said first position to said second 
position, and a feed amount of said printing me- 10 
dium from when the change in said output value 
is detected at said first position until when the 
change in said output value is detected at said 
second position. 

15 

5. A printing apparatus according to claim 3, wherein: 

the change in said output value of said light- 
receiving sensor that occurs when said light 
emitted by said light-emitting means passes 20 
across an edge of said printing medium is de- 
tected to determine the position of said edge by 
making said printing medium stand still and 
making said light-emitting means move in the 
main scanning direction; and 25 
the starting position, the ending position, or 
both of these for ejecting ink from said print 
head, which moves in the main scanning direc- 
tion, is changed according to said skew and the 
position of said edge. 30 

6. A printing apparatus according to claim 5, wherein: 

the change in said output value of said light- 
receiving sensor that occurs when said light 35 
emitted by said light-emitting means passes 
across the edge of said printing medium is de- 
tected twice to determine each position of two 
edges; and 

said starting position, said ending position, or 40 
both of these is changed according to said skew 
and the positions of said two edges. 



7. A printing apparatus according to claim 5, wherein: 

said light-emitting means and said light-receiv- 
ing sensor are provided on a moving member 
that is provided with said print head and that is 
movable in the main scanning direction. 

8. A printing apparatus according to claim 7, wherein: 



45 



50 



after detecting the change in said output value 
of said light-receiving sensor that occurs when 
said light emitted by said light-emitting means 55 
passes across the edge of said printing medium 
by making said moving member move in the 
main scanning direction, 



the starting position, the ending position, or 
both of these for ejecting ink from said print 
head, which moves in the main scanning direc- 
tion, for when said moving member is made to 
move again in the main scanning direction is 
changed according to the detection. 

9. A printing apparatus for carrying out printing on an 
entire surface of a printing medium comprising: 

a print head that is movable in a main scanning 
direction and that is for ejecting ink onto said 
printing medium; and 

printing medium feeding means for feeding said 
printing medium; 

wherein said printing apparatus comprises 
light-emitting means for emitting light, and a light- 
receiving sensor for receiving said light that moves 
in the main scanning direction according to the 
movement of said light-emitting means in the main 
scanning direction; 

wherein said light-emitting means and said 
light-receiving sensor are provided on a moving 
member that is provided with said print head and 
that is movable in the main scanning direction; 

wherein a change in an output value of said 
light-receiving sensor that occurs when a leading 
edge, which is fed first among the edges of said 
printing medium by said printing medium feeding 
means, blocks the light emitted by said light-emit- 
ting means that has been positioned is detected at 
a first position and a second position that are in po- 
sitions different from each other in the main scan- 
ning direction; 

wherein a skew of said printing medium is ob- 
tained based on a distance in the main scanning 
direction from said first position to said second po- 
sition, and a feed amount of said printing medium 
from when the change in said output value is de- 
tected at said first position until when the change in 
said output value is detected at said second posi- 
tion; 

wherein the change in said output value of 
said light-receiving sensor that occurs when said 
light emitted by said light-emitting means passes 
across an edge of said printing medium is detected 
twice to determine each position of two edges by 
making said printing medium stand still and making 
said moving member move in the main scanning di- 
rection; and 

wherein the starting position, the ending po- 
sition, or both of these for ejecting ink from said print 
head, which moves in the main scanning direction, 
for when said moving member is made to move 
again in the main scanning direction is changed ac- 
cording to said skew and the positions of said two 
edges. 
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10. A printing method conducted by a printing appara- 
tus that comprises a print head being movable in a 
main scanning direction and printing medium feed- 
ing means for feeding a printing medium, and that 
carries out printing on said printing medium by 5 
ejecting ink from said print head, wherein said print- 
ing method comprises: 



is changed according to said skew that has been 
obtained. 



a step of obtaining a skew of said printing me- 
dium by detecting, at a plurality of points, a io 
leading edge that is fed first among the edges 
of said printing medium by said printing medium 
feeding means; and 

a step of changing a starting position, an ending 
position, or both of these for ejecting ink from is 
said print head, which moves in the main scan- 
ning direction, according to said skew that has 
been obtained. 



11. A computer program for causing a printing appara- 20 
tus 

that comprises a print head being mov- 
able in a main scanning direction and printing me- 
dium feeding means for feeding a printing medium, 
and 25 

that carries out printing on said printing 
medium by ejecting ink from said print head 

to obtain a skew of said printing medium by 
detecting, at a plurality of points, a leading edge that 
is fed first among the edges of said printing medium 20 
by said printing medium feeding means, and 

to change a starting position, an ending posi- 
tion, or both of these for ejecting ink from said print 
head, which moves in the main scanning direction, 
according to said skew that has been obtained. 35 



12. A computer system comprising: 



a computer; 

a display device that is connectable to said 40 
computer; and 

a printing apparatus for carrying out printing on 
a printing medium, said printing apparatus be- 
ing connectable to said computer and compris- 
ing: a print head that is movable in a main scan- 
ning direction and that is for ejecting ink onto 
said printing medium; and printing medium 
feeding means for feeding said printing medi- 
um, 

50 

wherein a skew of said printing medium is ob- 
tained by detecting, at a plurality of points, a leading 
edge that is fed first among the edges of said print- 
ing medium by said printing medium feeding 
means, and 55 

wherein a starting position, an ending posi- 
tion, or both of these for ejecting ink from said print 
head, which moves in the main scanning direction, 
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